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Abstract

Using detailed data from a leading retailer in
Korea, where some stores adopted Self-Service
Technologies (SSTs) in their check-out, this study
examines the effect of SSTs on sales dynamics, labor
productivity, and customer segmentation. Based on the
difference-in-differences approach, we find that the SST
adoption reduces the number of transactions at a
traditional POS counter while increasing a basket
value, indicating a trend towards fewer but larger
transactions at a POS counter. Naturally, we find fewer
cashiers at POS counters after the SST adoption, but
their workload has also decreased, leading to lower
labor productivity. From a customer segmentation
standpoint, we find that the number of unregistered
customers decreased after the SST adoption. Having a
more identified customer base is essential to retailers as
they can use more focused marketing strategies and
optimize their operations. We further examine the
heterogeneity effect of SST on different customer types
and operational periods.

Keywords: Self-Service Technologies, Retails,
Customer Segmentation, Sales Dynamics, Labor
Productivity

1. Introduction

The retail landscape is currently experiencing a
significant transformation driven by the relentless pace
of technological advancements and changing consumer
behaviors. At the heart of this evolution are self- service
technologies (SSTs), which have become key agents in
redefining the shopping experience within the retail
sector. These technologies, enabling customers to
independently perform a range of shopping activities
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offer unprecedented levels of control, convenience, and
efficiency, transforming how customers interact with
retailers and manage their purchasing activities. As of
December 2019, ConnectPOS indicates that 47% of the
U.S. consumers were regularly using self-service
checkouts, with additional 31% having used them at
least once, indicating the wide adoption of SSTs. The
relevance and necessity of SSTs were further
highlighted by the global challenges posed by the
COVID-19 pandemic, which accelerated the demand for
contactless and socially distanced shopping options,
making SSTs indispensable for safe and efficient
customer service (ConnectPOS, 2023). Beyond the
immediate needs brought on by the pandemic, the
appeal of SSTs also lies in their promise to offer
speedier service, novel shopping experiences, and
alignment with the broader move towards automation
and self-service across various service sectors.
Furthermore, the economic pressure of high labor costs
compels retailers to adopt such technologies that not
only meet health safety measures but also reduce labor
expenses, enhancing overall store profitability.
Although SSTs have widely expanded within the
retail sector and their impacts have been explored in
prior literature, we identify several important research
gaps. First, while SSTs are generally associated with
improved sales performance, its heterogeneous impacts
on the different aspects of sales remain underexplored.
For instance, Campbell and Frei (2010) and Tan and
Netessine (2020) have studied the impact of SSTs on
overall sales, but they did not consider sales as a concept
encompassing multiple subcomponents such as
transaction size, frequency, etc. Second, the
introduction of SSTs is expected to have a dual impact
on labor productivity—streamlining routine tasks and
thereby potentially displacing jobs. Prior studies have
shown mixed results regarding the impact of SSTs on
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staffing levels, with some indicating no significant
change and others suggesting potential job displacement
(Tan and Netessine, 2020; Gao and Su, 2016). This
study seeks to provide a clearer understanding of how
SSTs affect labor productivity in retail settings, focusing
on whether these technologies lead to a more efficient
allocation of human resources. Third, there is a notable
gap in prior studies in understanding the nuanced
impacts of SSTs on customer behaviors. That is, in
general, the adoption of a technology is appreciated
differently depending on the characteristics of its
adopters. Existing studies has primarily focused on
investigating the influence of individuals’ basic
demographic factors such as age and duration of service
use (Ahn et al., 2008; Laukkanen et al., 2007; Szmigin
and Carrigan, 2000) on their perception and behaviors
towards SSTs. However, there are many other factors,
such as registered versus unregistered and individual
versus business customers, that can affect customers’
behaviors. This study explores these distinctions,
examining how different customer groups perceive and
adopt SSTs, and how these perceptions influence their
purchasing behavior and overall satisfaction. Lastly,
retail outlets with SSTs frequently face high customer
volumes during peak hours, yet this aspect has not been
thoroughly investigated. ~While some research
highlights the general benefits of SSTs in reducing wait
times (Djelassia et al., 2018), there is a lack of specific
studies on their effectiveness during peak operational
periods in retail stores. The efficiency of SSTs in
managing customer flow and reducing wait times during
busy periods is crucial for optimizing store operations.
This research will address this gap by analyzing the
effectiveness of SSTs in enhancing operational
efficiency during peak hours, thereby providing insights
into their overall impact on customer experience and
store performance. To this end, the study employs a
robust dataset from a prominent office supplies retailer,
analyzing the impacts of SST adoption through
Difference-in-Differences (DID) and Propensity Score
Matching (PSM). Our findings reveal that SST adoption
in retail operations results in fewer but larger
transactions, increased transaction values, and a shift of
simpler tasks to self-service, enhancing operational
efficiency. Despite automation, cashier staffing levels
remain stable, indicating SSTs support rather than
replace the workforce. SSTs also encourage higher
customer registration rates, particularly during peak
hours, impacting customer loyalty and engagement.
These findings underscore the transformative impact of
SSTs on retail environments, emphasizing the need for
strategic implementation to optimize both business
performance and customer experience.

Implications of this study reveals the intricate
effects of SST on retail operations, providing pivotal

insights for both business strategies and academic
research. The shift in consumer behavior toward fewer
but larger transactions post-SST introduction suggests
more efficient, profitable shopping patterns, offering
guidance for retailers on optimizing inventory and
enhancing customer relations. Notably, staffing levels
remained consistent despite increased automation,
indicating SST's supportive rather than substitutive role
in the workforce. The study's findings also deepen
academic understanding of SST by examining its varied
impacts on different customer types and business
metrics. Furthermore, a decrease in visits by non-
registered customers post-SST points to potential
changes in customer loyalty and acquisition approaches.
This research lays a foundation for further inquiry into
how technology reshapes retail, advising on how to
seamlessly integrate SST with the aims of improving
business performance and customer experiences.

2. Literature Review

2.1. Sales Dynamics

The introduction of SSTs in offline retail is
expected to significantly influence store sales by
enhancing customer experience and operational
efficiency. SSTs provide a smoother shopping
experience, allowing customers to navigate purchases
independently, aligning with the growing preference for
self-service options. This integration reduces wait times
leading to increased customer satisfaction and
operational effectiveness. Therefore, SSTs are projected
to boost sales and strengthen the retail sector's
competitive edge. Adoption of SST can increase overall
transactions and service costs and reduce short-term
profits (Campbell and Frei, 2010). According to Tan and
Netessine, implementing SST in the restaurant increase
the average sales per check, reduce the meal duration.
(Tan and Netessine, 2020). Therefore, faster meal
duration can lead to more frequent checkout due to
decreasing in waiting times.

2.2. Employees Productivity

The introduction of SSTs is anticipated to
positively influence labor productivity by streamlining
routine tasks and enabling employees to focus on other
activities. This optimization not only enhances task
execution but also reallocates human resources to areas
requiring critical thinking and personalized interaction
(Tan and Netessine, 2020). Consequently, employees
can engage in more complex, fulfilling work that
leverages their unique skills, potentially leading to
higher job satisfaction and efficiency. By automating
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mundane and repetitive tasks, SSTs offer a dual
advantage: improving customer experience through
efficiency and convenience, while simultaneously
boosting employee productivity by enabling a focus on
higher-level tasks and problem-solving (Lee and Lyu,
2019). However, alongside the benefits, there is concern
about job displacement, as automation may reduce the
need for human labor, leading to potential job cuts
(O’Toole, 2014). This dual-edged impact necessitates a
careful balancing act from organizations to harness
productivity gains offered by SSTs while also
developing workforce strategies to ensure employees
remain integral to the increasingly automated service
landscape. Notably, some studies have shown that SST
implementation does not significantly alter staffing
levels (Tan and Netessine, 2020; Gao and Su, 2016),
suggesting that SSTs can coexist with current
employment structures. Thus, SSTs promise significant
gains in operational efficiency and employee
engagement, provided  organizations  balance
automation benefits with workforce development
strategies.

2.3. Customer Experiences

Self-Service Technology represents a significant
shift in service delivery, allowing customers to access
services independently, ranging from online banking to
self-checkout (Djelassia et al., 2018). SSTs enhance
operational efficiency and customer satisfaction by
offering convenience, speed, and reduced wait times
(Lee and Lyu, 2019). Customers value the autonomy
and control provided by SSTs, which can lead to a more
personalized experience. High waiting times negatively
impact satisfaction, but SSTs mitigate this issue,
increasing demand (Gao and Su, 2016). Customers who
prioritize their time prefer SSTs over interacting with
staff (Oh et al., 2011). However, challenges exist. Some
users find SST interfaces complex, reducing
satisfaction. The reduction of human interaction can be
a drawback for those valuing personal service.
Satisfaction with SSTs varies based on service context
and technology implementation (Buell et al., 2010).
Experiences differ across demographics, with younger
users generally more positive than older ones, who show
lower intentions to use innovative products (Laukkanen
et al., 2007; Szmigin and Carrigan, 2000). Hence, while
SSTs offer significant advantages, their impact on
customer experience is nuanced. Effective design and
implementation are crucial for maximizing benefits and
addressing user needs as technology evolves.

2.4. Customer Segmentations

The exploration of SSTs in retail reveals a nuanced
landscape of benefits and challenges, particularly
impacting consumer experiences. Introducing SSTs in
retail stores leads to dynamic sales performance driven
by operational efficiencies and enhanced consumer
experiences tailored to today's digital-first shoppers.
SSTs boost productivity by automating routine tasks
and reducing waiting times, offering consumers
increased convenience and control over their shopping
experiences. However, challenges such as reduced
personal interaction and the need for technological
adaptation persist (Park et al., 2021; Orel & Kara, 2014).
These findings underscore the transformative impact of
SSTs and the need for strategic implementation that
balances service excellence with employment
considerations while maintaining personal customer
service touches. Existing research often fails to consider
these impacts simultaneously or categorize customers
into distinct groups for more granular analysis. For
instance, Park et al. (2021) and Orel and Kara (2014)
initiated investigations into the relationships between
user demographics, such as gender and age, and
customer loyalty. Despite these efforts, studies
primarily rely on basic demographic information and
lack detailed customer segmentation. In retail contexts,
distinct customer groups, such as individual and
business customers, have varying needs and purposes
for utilizing retail services. Business customers tend to
purchase a diverse and larger quantity of products
compared to individual customers, requiring more effort
to scan all items using SSTs. Conversely, individual
customers, who typically purchase fewer products,
prefer SSTs for faster checkouts. Customer loyalty is
defined as a customer's attachment to a brand, store,
manufacturer, or service provider, characterized by
favorable attitudes and behavioral responses, such as
repeated purchases (Baran et al., 2008). Loyalty results
from positive past experiences with a company, leading
customers to return repeatedly regardless of service
quality (Ghavami & Olyaei, 2006). Loyal customers are
familiar with the store, reducing the need to navigate or
locate products and sections (Otterbring et al., 2016).
These customers are adept at identifying their location
within the shopping environment, making the search
process less cognitively demanding compared to
unfamiliar customers (Inman et al., 2009; Park et al.,
1989).

2.5. Operating hours in Retail Stores

Many retailers experience rush hours during which
customers face long queues at checkout. While waiting
can occasionally evoke positive emotions such as
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anticipation and hope, most supermarket customers
experience irritation, boredom, frustration, and varying
degrees of unhappiness while waiting in line (Van Riel
et al., 2012). This negative mental state arises from the
appraisal of the waiting experience (Bagozzi et al.,
1999) and the perception that waiting at the checkout is
generally unproductive and a waste of time, adding no
value for the customer (Van Riel et al., 2012). To some
extent, waiting at the checkout is regarded as a negative
and peak experience (Kahneman et al., 1997; Verhoef et
al., 2004), often being classified as one of the most
dissatisfying aspects of the shopping process (Caballero
et al., 1985). Effective queue management requires
evaluating the service system beyond objective waiting
times (Pinto et al., 2022). Customers’ emotional
responses to waiting are negatively influenced by their
perceived wait times (Van Riel et al., 2012), adversely
impacting service appraisal (Haynes, 1990) and
sometimes leading to the abandonment of the service
(Bielen & Demoulin, 2007). Moreover, past studies
have investigated into waiting times and SST then have
evaluated the relationship between customer waiting
time and their level of satisfaction with their service
provider and decision to repurchase the service (Ayodeji
and Rjoub, 2021 and Lim et al, 2015). The
implementation of SST provides customers with
alternative checkout options, particularly beneficial
during peak operating hours, allowing them to choose
between in-person checkout or self-service checkout.

The effects of SST adoption across different
customer segments remain to be examined empirically.
Our study expands on this by examining the distinct
impacts of SST adoption across various customer
segments, including business and individual customers,
both registered and unregistered users and during peak
hours and non-peak hours. This approach aims to
provide a comprehensive understanding of how SSTs
affect different aspects of retail operations and customer
experiences.

3. Data

To evaluate the impact of SSTs adoption, a
longitudinal panel dataset was utilized, originating from
a prominent firm in the office supplies sector known for
delineating SST and face-to-face services at the point of
sale. The dataset under examination was obtained from
an esteemed brick-and-mortar retailer specializing in
office supplies, concentrating on stores situated within
South Korea. The retailer's operations span across a
network of over 30 physical stores nationwide, catering
to a substantial clientele. The dataset encompasses a
timeframe extending from January 4, 2021, to May 31,
2023, with meticulous records of all transactions
conducted within this interval. Certain store categories,

such as logistic centers and those embedded within
supermarkets, were omitted from the dataset due to their
indirect customer service approach. Additionally, stores
that ceased operations throughout the span of data
collection were similarly excluded from the analysis.
The refined dataset includes 20 stores, categorized by
store designation and invoicing date, thereby furnishing
daily aggregated data per store. The dataset
encompasses three primary categories: transaction
records, employees, and customer information.
Following Tan and Netessine (2020) and Gao and Su
(2016), we first examine stores’ sales performance: (1)
total number of sales and (2) basket value. Second, to
capture the characteristics of employee, we test store’s
employees: number of cashers and cashers’
productivities. Lastly, customers are measured by
unknown customer ratio. We construct our data set as
panel data at the store level such that each observation
is a store, and each time period is a day. Thus, each
variables denote the total number of sales performances
that are transacted for the store i in day t. Our dataset
possesses distinctive features that allow for the
classification of customers into different segments.
Primarily, we differentiate customers into business and
individual categories, with the former potentially
receiving special contractual pricing from retailers,
while the latter are subject to standard pricing.
Additionally, there exists a division based on
registration; customers who sign up for loyalty
programs can accrue reward points post-purchase,
creating a distinction between registered and
unregistered customers. Furthermore, the precise
recording of each transaction enables the categorization
of store hours into peak and off-peak periods. These
attributes of our dataset facilitate the conduct of analysis
on subsample of the data.

4. Methodologies

This study applied a DID analytical framework to
determine causal effects of certain treatments, following
a method broadly recognized in prior studies (Bertrand
et al., 2004; Lee et al., 2022).
In(y;) = Po + BSST_Adoption; +
B,Aftery, + B3 (SST_Adoption; * After;,) +
y;+ 7+ € ... (1) where i denotes store and ¢
represents day. We formulated the DID model by using
the equations provided to estimate the influence of SST
deployment on outcome variables y;,. The outcome
variables y;; are total number of POS transactions, POS
basket size, the number of cashers, casher productivity,
and the number of unregistered customers. The effect
size was interpreted in percentage terms by applying
logarithmic transformation to the value of the outcome
variables. After;; is a binary variable that equals 1 for
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Variables Descriptions | Mean | Min | Max Std
Total number of sales
P_Trans dT;)}t,atl number of POS transactions at store i on 1977 1 696 106.486
Basket Value
POS Basket Value is calculated by dividing the
total sales amount of POS for store i on day t by
PB_value the total number of POS transactions at store i 28,650 0 3,500,000 36,826.88
on day ¢ (in Korean won).
Employees
Cashier Total nqmber Qf cashiers who make ' 262 1 7 1.0996
transactions with customers for store i on day ¢.
Cashier Prod T is calculated by dividing the
Cashier Prod T total number POS transaction for store i on day 81.71 1 325 50 45.098
- - ¢ by the total number cashiers who make
transactions with customers at store i on day ¢.
Customer
P Unknown Ratio The ratio of unknovs{n customers out of total 0.7735 0 0.994 0118
- - customers for store i on day .
Difference-in-differences variables
After 1 after SST adoption, 0 otherwise 0.0446 0 1 0.206
SST Adoption 1 if the store has SST, 0 otherwise 0.144 0 1 0.351

Table 1. Variable Descriptions and Summary Statistics

periods after each treated store has adopted SSTs, and 0
otherwise. This binary term controls for the time-
invariant group differences that may be present between
SST adopters and nonadopters. SST_Adoption; is a
treatment dummy variable that equals 1 if a store
adopted SSTs during adoption periods, and 0 otherwise.
y; and 7, represent vectors of store and day fixed
effects, respectively. These fixed effects controlled for
longitudinal systematic changes over time and for time-
invariant store heterogeneity. The coefficient of interest
is 55, which captures the impact of SST adoption on the
dependent variables for adopters in comparison to
nonadopters. Overall, our final sample for this analysis
contains 20 offline office supply stores: 3 treatment
groups and 17 control groups. Each treatment group
stores have different adoption period. The initial period
of adoption took place on January 27, 2022, followed by
a second phase of implementation on October 12, 2022.
The final day marking the adoption's completion was
February 2, 2023.

5. Results

The main findings of the DID analyses are
presented in column (1) from Table 2. Starting with the
total number of POS transactions, the negative
coefficient of -0.159 indicates a significant decrease of
approximately 15.9% in the number of transactions
following SST adoption. SSTs may lead to
consolidation of transactions since customers may
prefer to make fewer but larger transactions due to
convenience. In the case of POS basket size, denoted by

the ratio of POS sales amount to the number of POS
transactions, there is a significant increase of 7.4%. This
indicates that while transactions are fewer, their value is
higher, which could reflect a shift toward bulk buying
or higher-value transactions. Essentially, simpler
transactions are routed to SSTs, while higher-value
transactions are managed at POS stations, where more
personalized assistance is provided. When examining
the number of cashiers, there is significant change
observed, given the coefficient of -0.041 is significant,
suggesting that SST adoption affect the staffing levels
in terms of cashiers. Overall, the frequency of traditional
POS transactions is expected to decline, potentially
leading to a reduction in the number of cashiers.

Our findings strongly support this expectation.
Looking at casher productivity, defined as the number
of POS transactions per cashier, there is a noteworthy
decrease of 9.9%. The implementation of SSTs might
reduce the need for cashier-handled transactions
therefore, a decrease in cashier productivity could
indicate an adjustment period as employees adapt to
new roles or an increase in SST task takeover. Lastly,
the number of POS unknown customers ratio, decreased
by 16.6%. This suggests that SSTs encourage
registration, perhaps due to loyalty programs or
perceived benefits of registered accounts, or it might
indicate a shift towards a more technologically
comfortable customer base. This could be driven by
factors such as loyalty programs or the convenience of
saved preferences in registered accounts, enhancing
customer experience and potentially fostering greater
loyalty. In sum, these findings highlight that the
adoption of SSTs leads to significant changes in how
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(€)) 2 3 “) (6)) © ()
Main Result | Business | Individual | Registered | Unregistered | Peak-time | Non Peak-time
Dependent Variable = Trans
After X Treatment -0.159%** 0.003 -0.166*** | -0.190%** -0.167*** -0.160%** -0.084***
(0.014) (0.031) (0.014) (0.021) (0.014) (0.014) (0.027)
Store Fixed Effect v v v v v v v
Time Fixed Effect v v v v v v v
No. of Observations 13,005 11,252 13,002 12,954 12,994 13,002 11,820
R-squared 0.864 0.615 0.883 0.78 0.893 0.859 0.689
Dependent Variable = PB_Value
After X Treatment 0.074*** 0.076 0.056%* 0.035 0.088%** 0.066%** -0.005
(0.023) (0.066) (0.022) (0.035) (0.016) (0.021) (0.07)
Store Fixed Effect v v v v v v v
Time Fixed Effect v v v v v v v
No. of Observations 13,004 11,167 12,998 12,922 12,992 12,986 11,665
R-squared 0.412 0.149 0.347 0.344 0.43 0.423 0.171
Dependent Variable = Cashier
After X Treatment -0.041*** | -0.039*** -0.002 -0.055%** -0.030%** -0.029%** -0.057***
(0.01) (0.013) (0.01) (0.011) (0.005) (0.01) (0.011)
Store Fixed Effect v v v v v v v
Time Fixed Effect v v v v v v v
No. of Observations 13,005 11,252 13,002 12,954 12,994 13,002 11,820
R-squared 0.654 0.41 0.646 0.616 0.803 0.617 0.416
Dependent Variable = Cashier_Prod_T
After X Treatment -0.099*** 0.051%* | -0.155%** 0.035 -0.115%** -0.115%** 0.005
(0.018) (0.024) (0.018) (0.035) (0.014) (0.018) (0.024)
Store Fixed Effect v v v v v v v
Time Fixed Effect v v v v v v v
No. of Observations 13,005 11,249 13,002 12,922 12,994 13,002 11,804
R-squared 0.73 0.616 0.766 0.344 0.819 0.703 0.622
Dependent Variable = P_Unknown_Ratio
-0.166*** -0.165%** -0.168%** -0.089%**
After X Treatment = /) (0.015) (0.015) (0.027)
Store Fixed Effect v v v v
Time Fixed Effect v v v v
No. of Observations 13,005 13,002 13,002 11,820
R-squared 0.872 0.878 0.869 0.753
Notes: Standard errors are in parentheses. *p<0.1; **p<0.05; ***p<0.01

Table 2. Main Result and Subsample Analyses

transactions are conducted, the structure of staffing, and
the nature of customer interactions. While some metrics
like the number of transactions and the ratio of
unregistered customers have declined, others such as
basket size have increased. This variable impact
underscores the nuanced nature of integrating SSTs into
retail operations and highlights the importance of
considering multiple factors when assessing the
technology's overall effectiveness.

The unique properties of our dataset enable the
execution of multiple sub-sample analyses. From table
2, column (2) to (7), each transaction within our
transaction data encapsulates valuable information,
including the types of customers involved. For business

customers, SST implementation did not significantly
change most performance metrics except for an increase
in cashier productivity, which is statistically significant.
This suggests that SSTs may streamline the handling of
routine business transactions, thereby enabling cashiers
to focus more effectively on complex, business-oriented
customer interactions. In contrast, individual customers
showed a significant reduction in the number of
transactions, suggesting a shift towards self-service
options and a corresponding decline in cashier
involvement. This trend is reinforced by significant
decreases in the number of cashiers and cashier
productivity per transaction, indicating that individual
customers are increasingly utilizing SSTs, which
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reduces the need for cashier interaction. Similar patterns
are observed among registered customers, who also
demonstrated a significant decrease in both the number
of transactions and the number of cashiers. The results
of our study confirm that for business customers, cashier
productivity has increased compared to individual
customers. This increase in productivity is linked to the
nature of transactions typically associated with business
customers, who tend to make larger and more expensive
purchases. As a result, business customers show a
preference for traditional POS transactions over using
SSTs. This preference stems from the complexity and
higher value of their transactions, which often require
the personalized service and attention that traditional
POS systems are better equipped to provide. Moreover,
registered customers, who are typically more familiar
with the store’s operations, are increasingly opting for
self-service options, leading to fewer traditional cashier
interactions. The unregistered customer segment
showed similar trends to the registered segment, with
significant reductions in both the number of transactions
and cashiers. The observed data suggest that SSTs have
a more pronounced effect on reducing transaction
numbers among registered customers compared to
unregistered ones. This trend can be attributed to
registered customers' higher levels of loyalty and greater
familiarity with store operations, which likely make
them more inclined to use SSTs. Registered customers,
being more accustomed to the store's environment and
systems, tend to prefer the convenience and speed of
SSTs over traditional POS transactions, in contrast to
unregistered customers who may not utilize SSTs as
frequently. The adoption of SSTs significantly
influences transaction patterns, staffing needs, and
customer registration behavior, with more pronounced
effects during peak times. During peak hours, SSTs lead
to a notable 16% decrease in the number of transactions,
suggesting that customers consolidate transactions to
reduce waiting times. Additionally, the POS basket
value increases by 6.6%, indicating a preference for
higher-value transactions at traditional POS terminals
while SSTs handle simpler, quicker transactions. The
need for cashiers decreases by 2.9%, highlighting
improved operational efficiency. However, cashier
productivity declines by 11.5%, likely due to the shift of
simpler transactions to SSTs, leaving more complex
tasks for cashiers. The ratio of unknown customers
drops significantly by 16.8%, suggesting that SSTs
encourage customer registration, possibly due to loyalty
programs or a more personalized shopping experience.
During non-peak hours, the number of transactions
decreases by 8.4%, indicating a less pronounced but still
significant impact of SSTs. The POS basket value
remains largely unchanged, and the need for cashiers
reduces by 5.7%, continuing to support operational

efficiency. The ratio of unknown customers decreases
by 8.9%, although less dramatically than during peak
times. Overall, the results demonstrate that SST
adoption leads to substantial improvements in store
operations, particularly during busy periods, by
optimizing transaction management and reducing
staffing requirements. These findings illustrate how
SST adoption influences different customer segments
within retail environments, indicating a general shift
towards SSTs that streamline operations and modify the
traditional roles of cashiers. This shift highlights the
need for retail strategies that adapt to these changing
dynamics to optimize customer service and operational
efficiency.

6. Robustness Check

Propensity score matching (PSM) is frequently
used to estimate the influence of a certain treatment
through the elimination of incomparable observations
with regard to common support for an estimated
propensity score distribution (Rosenbaum & Rubin,
1983). For robustness check of main findings, we
employed PSM to select stores with SSTs adoption
(treatment group) and nonadopters (control group) that
resembled each other in relevant observable attributes
before the adoption took place. We employed a logistic
regression model to obtain estimated propensity score
and used one-to-one, one-to-two, one-to-three and one-
to-four matching without replacement. To examine
whether the results of our study remained consistent
with the different approaches, we obtained the data from
the original sample randomly sampled. The results of
the robustness checks using PSM strengthen the initial
findings of the DID analysis. PSM was employed to
assess the causal impact of SST adoption on various
store metrics by comparing treated stores to a matched
set of control stores that did not adopt SST during the
study period. As we progress from 1:1 to 1:4 matching,
we see that the trends in the coefficients remain
consistent, enhancing the credibility of our conclusions.
The robustness checks confirm that the main findings
are consistent. The results across different PSM models
consistently show a reduction in the total number of
POS transactions, an increase in basket size per
transaction, a slight reduction in the number of cashiers,
a decrease in cashier productivity, and a decline in the
number of unknown customers. These consistent
patterns reinforce the reliability and stability of the
observed effects of SST implementation on retail

operations.
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PSM (1:1) | PSM (1:2) | PSM (1:3) PSM (1:4)
Dependent Variable = P_Trans
-0.148%** -0.150%** -0.161%** -0.160%**
After X Treatment (0.016) (0.014) (0.013) (0.014)
No. of Observations 3,788 5,579 7,496 9,555
R-squared 0.808 0.849 0.856 0.866
Dependent Variable = PB Value
0.047* 0.075%** 0.081%** 0.085%**
After X Treatment (0.026) (0.025) (0.024) (0.024)
No. of Observations 3,788 5,578 7,495 9,554
R-squared 0.529 0.446 0.438 0.400
Dependent Variable = Cashier
0.007 -0.028%** -0.032%** -0.034%**
After X Treatment (0.012) (0.011) (0.01) (0.01)
No. of Observations 3,788 5,579 7,496 9,555
R-squared 0.523 0.649 0.656 0.699
Dependent Variable = Cashier Prod T
-0.161%%* -0.110%** 0.113%%% 0.112%%%
After X Treatment (0.022) (0.019) (0.019) (0.019)
No. of Observations 3,788 5,579 7,496 9,555
R-squared 0.561 0.54 0.685 0.702
Dependent Variable = P_Unknown_Ratio
-0.128%*% -0.155%%% -0.169%** -0.169%**
After X Treatment (0.017) (0.016) (0.015) (0.015)
No. of Observations 3,788 5,579 7,496 9,555
R-squared 0.829 0.885 0.881 0.878
Notes: Standard errors are in parentheses. *p<0.1; **p<0.05; ***p<0.01

Table 3. PSM Analysis Results

7. Conclusions

The rise of SSTs has been a game-changer in the
retail industry, dramatically altering how businesses
operate and interact with their stakeholders. Retailers
are now leveraging SSTs to transform their service
models, enhancing productivity and slashing costs by
automating tasks that once required hands-on attention.
This reallocation of resources enables a sharper focus on
more strategic services. For employees, the introduction
of SSTs has been liberating, relieving them from
repetitive duties and freeing them to engage in more
nuanced customer service roles that require a personal
touch, subsequently improving job satisfaction and
upgrading the perceived value of their roles. Customers,
on their end, enjoy the benefits of SSTs which align with
their preferences for a swift, independent, and flexible
shopping experience. SSTs provide shoppers with the
autonomy to guide their own retail journey, from
selection to payment, offering a frictionless and tailored
experience that boosts their satisfaction and fosters
loyalty. The collective influence of SSTs on retailers,
workers, and consumers emphasizes their pivotal role in
heralding a new era of retail innovation, responding to
dynamic market needs, and redefining the standards of
customer service. The analysis reveals the complex
effects of adopting SSTs on retail operations, delivering

essential insights that benefit both commercial and
academic sectors. Practically speaking, the observed
reduction in the number of transactions coupled with an
uptick in the size of each transaction suggests a
transition to more streamlined and potentially more
lucrative consumer purchasing patterns, prompting a
reconsideration of how retailers manage inventory,
market their products, and engage with customers to
accommodate this shift toward bulk buying. Despite the
automation that SSTs bring, the steady level of
employment indicates that SST serves to enhance the
roles of employees rather than to render them obsolete,
opening up opportunities for workforce development in
areas that improve the overall customer experience. On
the academic front, the research sheds light on the varied
operational consequences of SSTs, particularly
illustrating the diverse reactions of different customer
types, such as registered versus unregistered shoppers,
to the integration of technology. Detailed subgroup
analyses add depth to our comprehension, delineating
SST's varied influences on customer groups and key
operational metrics like cashier efficiency and patron
visitation patterns. Notably, the decline in visits from
non-member customers following SST implementation
points to potential shifts in how technology affects
consumer loyalty, and the strategies businesses use to
attract customers. In essence, this study not only
clarifies the intricate effects of SST introduction in the
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retail industry but also paves the way for subsequent
research to further dissect the extensive consequences of
technological innovation on retail structures, workforce
dynamics, and customer conduct, thus guiding the
thoughtful infusion of technological advancements to
align with broad business goals and consumer
contentment.

Several potential constraints could impact the study
examining the effects of SSTs in retail settings.
Although the study uses empirical data to explore the
impacts of SSTs on sales dynamics, labor productivity,
and customer satisfaction, the applicability of its
conclusions may be limited by the particular retail
context or geographic area studied. The retail industry is
diverse, and findings applicable in one segment or
region may not be universally relevant. Additionally,
various industries employ distinct types of SSTs tailored
to specific operational goals, which could further
influence the study's relevance across different sectors.
Moreover, while the study employs robust quantitative
methodologies, such as difference-in-differences (DID)
and propensity score matching (PSM), to isolate the
effects of SST adoption, it lacks a qualitative
perspective on the experiences and perceptions of
employees. Incorporating qualitative data, such as
employee interviews or surveys, could provide a more
holistic understanding of how SSTs affect labor
dynamics, including job satisfaction, perceived
workload, and overall employee well-being.
Furthermore, the study does not address the impact of
SST adoption on customer abandonment behavior,
which could be a critical factor in understanding the
overall effectiveness of SSTs in retail environments.
Future research could explore this dimension by
examining whether SSTs lead to higher rates of
customer abandonment due to frustration with the
technology or, conversely, if they enhance customer
retention by providing a more efficient shopping
experience.
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